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This paper discusses the effect of the greenhouse phenomenon and CO; on global climate and suggests 
that numerical models that lack adequate knowledge of fundamental related factors cannot be used to 
extract “sound” conclusions. A very basic demonstration of this is done through a simple comparison 
between estimates of the forecast for global temperature increase obtained by various independent 
studies. Observing the global temperature and the CO, atmospheric concentration though the geological 
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aeons implies no obvious correlation. Physical observation on other planets like Mars and Venus, needing 
no numerical modeling, demonstrates the effect of the atmospheric-COz partial pressure on the 
temperature of the atmosphere. Moreover the CO; role as a factor of danger or a benefactor for life is 
also addressed. On the other hand the role of the sun in the presently observed global warming has been 
greatly underestimated. Scientific evidence shows that the orbit of the earth and the Milankovitch cycles 
greatly affect the climate. A discussion follows pointing out the prime role that the sun should have on 
the earth's climate with regard to solar cycles’ activity and irradiance, cosmic rays and cloud formation. 
The conclusion drawn here is that a natural signal of solar forcing has been mistakenly overlooked for an 
anthropogenic change, maybe owing to their quite similar effects on climate. For the moment science 
does not really have a complete and total understanding of the factors affecting the earth's complex 
climate system and therefore no sound conclusions can be drawn. 

© 2013 Elsevier Ltd. All rights reserved. 
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1. Introduction 


The climate of the earth is of a major importance for mankind 
because mankind's prosperity is directly linked to it. Observing the 
climate through the aeons it can easily be seen that when the 


1364-0321/$- see front matter © 2013 Elsevier Ltd. All rights reserved. 
http://dx.doi.org/10.1016/j.rser.2013.05.062 


640 G.A. Florides et al. / Renewable and Sustainable Energy Reviews 26 (2013) 639-651 


climate was “warm” (with even higher temperatures than today's 
“warm” period) mankind expanded in numbers and power. Some 
of such periods are well-known historical periods like the Minoan, 
the Roman, the Mediaeval as well as present time [1]. This is due, 
in part, to the increase in crop production. Therefore the very high 
interest of the recent years about the factors that affect the climate 
is more than justified especially because of the observation that 
the global temperature had been increasing during nearly the 
whole 20th century. 

The initial (and obvious) observation that CO, also increased 
during the same time-period, from about 290 ppm (per volume) at 
the beginning of the 20th century to its present (2009) value of 
about 385 ppm [2], made CO2 the prime suspect to be blamed for 
the temperature increase. The Intergovernmental Panel on Climate 
Change (IPCC) of the United Nations led the way in blaming 
CO- for the observed warming and consequently a large number 
of Governments signed treaties for diminishing the burning of 
fuels in order to minimise the CO; increase in the atmosphere and 
save the planet from warming. 

There are though other factors — besides the greenhouse gases — 
that affect the global temperature, like changes in solar activity, 
cloud cover, ocean circulation and so forth. 

For the past 4.5 billion years the earth has been traveling 
through galactic space. The global climate has changed drastically 
through time with variations between ice-free and glaciated 
climates. One could suggest that these variations would primarily 
be caused by astronomical factors like the galactic environment 
and the activity of the sun, and secondarily by internal factors on 
earth like the changing of the environment. Actually, the geologi- 
cal record of the past 510 million years shows four alternations 
between “hothouse” and “icehouse” conditions during the Phaner- 
ozoic aeon, which can be attributed to four encounters with the 
spiral arms of the Milky Way with every encounter causing an 
icehouse episode [3]. On a smaller scale we would observe that 
the temperature always fluctuates, showing warm and cold 
episodes without the need of mankind intervention. As is well 
demonstrated with the analysis of the Vostok ice cores [1] the 
temperature may fluctuate with differences of as much as 12 Kina 
time-span of about 100-125 thousand years. This is normally due 
to the angle and distance of the earth to the sun. 

The sun as the central energy source of our planetary system 
immensely affects the earth's global life conditions. The sun emits 
electromagnetic radiation in various forms like infrared radiation 
(that we feel as heat), visible light, ultraviolet rays, microwaves, 
X-rays, gamma rays and so forth. All forms of electromagnetic 
radiation travel through space at the speed of light. At this rate, a 
photon emitted by the sun takes 8 min to reach the earth, which is 
at an average distance of about 149,600,000 km. The amount 
of electromagnetic radiation from the sun that reaches the top 
of the earth's atmosphere, known as the solar constant, is about 
1365Wm™~. The atmosphere blocks some of the visible and 
infrared radiation, almost all the ultraviolet rays, and all the 
X-rays and gamma rays. The sun also emits particle radiation, 
consisting mostly of protons and electrons comprising the solar 
wind. The earth is protected against the solar wind by its magnetic 
field that prevents the particle radiation from reaching the surface. 
The sun shows great activity on its surface and bounding area and 
a lot of phenomena can be observed. Flares and coronal mass 
ejections are violent eruptions involving a tremendous amount of 
matter sent into space (see Fig. 1). 

But how much do we know about the sun activity and how it 
affects the earth's climate? The truth is that there is still low 
scientific understanding of the solar irradiance (one of many 
features of the sun that may affect the global climate) [4] and this 
is due to the lack of experimental data. Some more insight on this 
can be found in [5], where the factors that affect the sun radiation 
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Fig. 1. Size of earth compared to the sun and a solar flare (credit: jpl.nasa.gov). 


reaching the earth on long time scales are presented extensively. 
Also in [6] some of the evidence for a solar influence on the lower 
atmosphere is reviewed and some of the mechanisms whereby the 
sun may produce more significant impacts than might be expected 
by the mere consideration of variations in solar irradiance are 
discussed. 

The rest of the paper is organized as follows. In Section 2 the 
effect of the greenhouse phenomenon and CO; on global climate is 
discussed on the basis of ‘dubious’ appropriateness and numerical 
models that lack adequate knowledge of fundamental related 
factors. A demonstration of this is a comparison between esti- 
mates of the forecast for global temperature increase, which 
follows comparisons of global temperature and CO atmospheric 
concentrations though the geological aeons in order to estimate 
any relation. Also mentioned in Section 2 is the effect of the 
atmospheric CO, partial pressure on surface air temperature 
indicated through physical observations on other planets. More- 
over the CO; role as a factor of danger or a benefactor for life is also 
addressed. In Section 3 it is demonstrated how there is evidence 
that the orbit of the earth in relation to the Milankovitch cycles 
may greatly affect the climate. The whole of Section 4 is concerned 
with a discussion pointing to the prime role that the sun should 
have on the earth's climate with regard to solar cycles activity and 
irradiance, cosmic rays and cloud formation. We conclude with 
Section 5. 


2. CO, and the greenhouse effect 
2.1. Modeling the climate system 


The sun powers the climate of the earth, radiating energy at 
very short wavelengths [7]. Roughly one-third of the solar energy 
that reaches the top of the earth's atmosphere is reflected directly 
back to space. The remaining two-thirds are absorbed by the 
surface and, to a lesser extent, by the atmosphere. The earth 
balances the absorbed incoming energy, by radiating on average 
the same amount of energy back to space at much longer 
wavelengths primarily in the infrared part of the spectrum. Much 
of this emitted thermal radiation is absorbed by the atmosphere 
and clouds, and is reradiated back to earth warming the surface of 
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the planet and causing the so called “greenhouse effect.” Without 
this natural greenhouse effect life, as we know it, would not be 
possible because the average temperature at the earth's surface 
would be below the freezing point of water. 

However, as it is by and large accepted, most of the observed 
increase in global average temperatures since the mid-20th 
century is very likely due to the observed increase in anthropo- 
genic GHG concentrations (see, for example, [4]). It is argued that 
it is likely that there has been significant anthropogenic warming 
over the past 50 years averaged over each continent (except 
Antarctica). Atmospheric concentrations of CO2 (379 ppm) and 
CH, (1774 ppb) in 2005 exceed by far the natural range over the 
last 650,000 years. Global increases in CO2 concentrations are 
mainly due to fossil fuel use and land-use change that provides 
another significant but smaller contribution. It is very likely that 
the observed increase in CH, concentration is predominantly due 
to agriculture and fossil fuel use. However the CH, growth rates 
have declined since the early 1990s. CO2 is the most important 
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Fig. 2. Multi-model means of surface warming (relative to 1980-1999) for various 
scenarios, shown as continuations of the 20th-century simulation (black line). Lines 
show the multi-model means and shading denotes the +1 standard deviation 
range of individual model annual means. Colored numbers indicate periods and 
scenarios. Refer to [11] for a detailed explanation. 
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anthropogenic GHG. Its annual emissions grew by about 80% 
between 1970 and 2004. 

Water vapor is the most important gaseous source of infrared 
opacity in the atmosphere, accounting for about 60% of the natural 
greenhouse effect for clear skies [8] with CO, being the second- 
most important one. The amount of warming depends not only on 
the added amount of GHG, especially CO}, but also on the various 
feedback mechanisms. This happens because, as the atmosphere 
warms up due to rising levels of GHG, its concentration of water 
vapor increases, further intensifying the greenhouse effect. This in 
turn causes more warming, which consequently causes an addi- 
tional increase in water vapor in a self-reinforcing cycle. This water 
vapor feedback may be strong enough to approximately double 
the increase of the greenhouse effect due to the added CO; alone. 

IPCC reports that climate has changed in some defined statis- 
tical sense and assumes that the reason for that is anthropogenic 
forcing. As it states, traditional approaches with controlled experi- 
mentation with the earth's climate system is not possible. There- 
fore, in order to establish the most likely causes for the detected 
change with some defined level of confidence, computer model 
simulations are used. The results of the computer simulations 
show that anthropogenic CO, emissions to the atmosphere are the 
main reason for the observed warming and that doubling the 
amount of CO, in the atmosphere will increase the temperature by 
about 1.5-4.5 °C [9]. A similar result is mentioned in [10], where 
the equilibrium global mean warming for a doubling of atmo- 
spheric CO, is likely to lie in the range of 2-4.5 °C, with a most 
likely value of about 3 °C (see Fig. 2). 

Additionally, according to [12] during the past 50 years, the sum 
of solar and volcanic forcing would likely have produced cooling, 
not warming, and hence the observed patterns of warming and 
their changes are simulated only by models that include anthro- 
pogenic forcing and not external forcing. Therefore it is further 
concluded that, with very high confidence, the global temperature 
increase is due to the net effect of human activities since 1750. 

The conclusion above is the result of computer model simula- 
tions as controlled experimentation with the earth's climate 
system is not yet possible. In [4, Fig. 2.4] a table describing the 
radiative forcing components and the assessed level of scientific 
understanding of each component is given (see Fig. 3). It is very 
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Fig. 3. Global average radiative forcing (RF) in 2005 with respect to 1750 and the assessed level of scientific understanding (LOSU) as given in [4]. 
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clear that our understanding of the effect of solar irradiance is low 
and the same is true for a variety of other components with 
medium to low level of understanding. Very important natural 
factors, like the effect of water vapor and clouds, are not even 
mentioned in this table. Therefore a serious question arises: how 
can the models simulate the global temperature if the scientific 
basis is not well understood? Because of this the Committee on the 
Science of Climate Change-National Research Council [13, p. 15] 
states that “Climate models calculate outcomes after taking into 
account the great number of climate variables and the complex 
interactions inherent in the climate system. Their purpose is the 
creation of a synthetic reality. (...) They also are the appropriate 
high-end tool for forecasting hypothetical climates in the years 
and centuries ahead. However, climate models are imperfect. Their 
simulation skill is limited by uncertainties in their formulation, 
the limited size of their calculations, and the difficulty of inter- 
preting their answers that exhibit almost as much complexity as in 
nature.” 

If the governing models for the climate system are derived 
without any sound theoretical background given that we do not 
have a good understanding of all related physical factors, compu- 
ter simulations become merely a form of data curve fitting. 
Moreover, needless to say that, for a simulation model to be of a 
significant value, it must first be validated against the results of 
real experimental measurements for sufficient time intervals. Also 
it is common knowledge that during simulations the slightest 
change in the value of a parameter (physical or mathematical) may 
affect greatly the final outcome. Hence, a “correct” choice of 
parameter values may lead to precise results with increasing time, 
whereas at the same time a “wrong” choice may yield large errors. 
Concluding, one can clearly understand that in a system of many 
parameters (like the climate system) the precision of the final 
outcome is even more dependent and sensitive to parameter 
variation. Sorokhtin and collaborators [14] stress that a sound 
theory, using laws of Physics, for the greenhouse effect was lacking 
and all predictions were based on intuitive models using numer- 
ous poorly defined parameters. Their examination showed that at 
least 30 such parameters were contained in the models. 

After a decade or more from the use of climate models it is 
worth checking how well these can predict the global tempera- 
ture. Spencer [15] reprints the predictions of 44 Climate models 
and the actual University of Alabama in Huntsville (UAH) and 
Remote Sensing Systems (RSS) satellite observations for global 
lower tropospheric temperature variations. The black line in the 
plot (Fig. 4) shows the 44-model average, and it approximately 
represents what the IPCC uses for its official best estimate of 
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Fig. 4. Spencer's [15] comparison of 44 climate models versus the UAH and RSS 
satellite observations for global lower tropospheric temperature variations (1979- 
2012 from the satellites and 1975-2025 for the models). 


projected warming. Obviously, there is a substantial disconnect 
between the models and observations for this statistic and shows 
that the models do not depict reality well. 


2.2. Past records 


Studying past records is an undeniable tool to test the assump- 
tion that CO% is the main driving factor for the earth climate. The 
first time period under consideration refers to the last millennium. 
As Veizer [16] mentions, Greenland is a representative case for the 
climate record of the northern hemisphere. The calculations based 
on oxygen isotope values in ice layers suggest that the tempera- 
tures in the 11th century were similar to those of today (Fig. 5). 
This warm interval was followed by a temperature decline until 
the 14th century, then by generally cold temperatures that lasted 
until the 19th century, and finally by a warming in the 20th 
century. Note that the coeval “ice bubble CO,” pattern in Greenland 
and Antarctic ice caps was essentially flat (IPCC-[17]), despite 
these large climatic oscillations. CO begins to rise only at the 
termination of the “Little Ice Age”, toward the end of the 19th 
century. 

Examining the palaeoclimate one can compare the temperature 
data and the CO; variation during greater time spans in order to 
obtain a deeper insight on how the CO>-concentration change 
affects the temperature. 

In Fig. 6 the temperature difference in Antarctica (as measured 
in ice cores by Jouzel et al. [36] is compared to various CO, 
concentrations: Petit et al. [20] for the past 420,000 years from the 
Vostok ice cores and Monnin et al. [21] for the High resolution 
records of atmospheric CO, concentration during the Holocene as 
obtained from the Dome Concordia and Dronning Maud Land ice 


400 

0.4 380 

of 360 

0.2 eb 340 
oO À 320 5 
Z 00 W Ale t Laos 
l of Vl Mh ae eal ee re) 

m ya [i 

240 

-0.4 220 

1000 1500 2000 


Year AD 


Fig. 5. The temperature change (AT) and CO3 records of the last millennium from a 
Greenland ice core (GISP2). Temperature was calculated from the 50-year 
smoothed record as T=0.6906 - 8180- 13.68 (adapted from [18]). 
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tions Circled points indicate CO-concentration increase following the temperature 
increase by natural causes. 
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cores. It is clear (see circled points) that the temperature increase 
by natural causes precedes the CO2-concentration increase. 

On a greater time scale, stomata in leaves of fossil plants can 
be used as biological sensors of past levels of atmospheric CO2. 
Stomata are the pores on the epidermis of leaves that control gas 
exchange, including uptake of the CO2 used in photosynthesis. It 
has been observed that an inverse relationship exists between the 
number of stomata on the leaves of woody plants and ambient 
concentrations of CO2. Retallack [22] has created and validated a 
record of CO, extending back to 300 million years ago. Kurschner 
[23] presented a comparison of this record to the relative trends in 
temperature as inferred from the oxygen isotope record of marine 
fossils [19]. This comparison (Fig. 7) shows a chaotic relation in our 
view between the two variables. First of all observe that at about 
290 million years ago (Ma) the CO, levels were about the same as 
in the present time but the temperature is not. Between 300 and 
250 Ma the temperature increases first and then the CO, level 
increase follows. Between 230 and 200 Ma the CO; level increases 
but the temperature remains unchanged. Between 190 and 180 Ma 
the temperature falls when the CO, levels increase for another 10 
million years. At about 110 Ma the CO, level increases first but the 
temperature takes more than 5-10 million years to follow the CO3 
increase. At about 35 Ma the temperature starts again to increase 
but the CO, level responds after about 5 million years and 
continuous to increase 5 million years after the temperature 
decreases. The above-mentioned behavior can in no way show, 
or even indicate, that CO, levels affect the temperature. 
As Kurschner [23] states, “data with better temporal resolution 
are necessary to refine the present picture ... it will need much 
more work to see whether it contains enough clues to establish 
the exact temporal and causal relationship between CO, and 
climate on a timescale of several million years.” Although she 
argues that “concentrations of CO2 will probably turn out to have 
been the main general determinant of temperature and climate 
during the past half-a-billion years of Earth's history”, this is not 
scientifically established in her analysis, with her finally admitting 
that “but it is likely that plenty of other factors came into play at 
different times and to different extents in the past. Changes in the 
configuration of continents, topography (as in mountain building) 
and ocean circulation, or in Earth's orbit and the angle of its axis, 
as well as in solar brightness, can clearly all have a profound 
influence on climate.” 

Next by checking how CO;-concentration has fluctuated over a 
larger time scale, throughout the Phanerozoic eon, one can 
definitely draw further conclusions about the former's correlation 
with the temperature. Palaeo-climatologists calculated palaeole- 
vels of atmospheric CO2 using the GEOCARB III model [24]. 
GEOCARB III models the carbon cycle on long time-scales (million 
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Fig. 7. Levels of CO2 in the atmosphere (blue line) and temperature trends over the 
past 300 million years. The CO» curve is the mean, with the ‘envelope’ showing the 
standard deviation, and is based on Retallack's [22] stomatal-index analysis. 
Relative trends in temperature are inferred from the oxygen isotope record of 
marine fossils [19]. Horizontal bars at the top indicate periods of predominantly 
cool (blue) and warm (red) modes of the Earth's climate (redrawn from [23]). (For 
interpretation of the references to color in this figure legend, the reader is referred 
to the web version of this article.) 


years resolution) considering a variety of factors that are thought 
to affect the CO levels. The results are in general agreement with 
independent values calculated from the abundance of terrigenous 
sediments expressed as a mean value in 10 million year time-steps 
[25]. As shown in Fig. 8A, CO, levels were very high, about 20-26 
times higher than at present, during the early Palaeozoic—about 
550 Ma. Then a large drop occurred during the Devonian (417- 
354 Ma) and Carboniferous (354-290 Ma), followed by a consider- 
able increase during the early Mesozoic (248-170 Ma). Finally, a 
gradual decrease occurred during the late Mesozoic (170-65 Ma) 
and the Cainozoic (65 Ma to present). Also the blue line presents 
temperature deviations relative to today, adjusted accordingly for 
PH effects [25]. Fig. 8B presents the intervals of glacial (dark color) 
and cool climates (light blue). As it is observed from 530 to 480 Ma 
the CO3-concentration dropped, followed by a temperature decline 
between 520 and 450 Ma. Then the temperature increased first 
from 450 to about 380 Ma, followed by a decline in the CO2- 
concentration at first and then an increase. From 380 to about 
300 Ma both of them decline. This is also followed by a tempera- 
ture increase followed by the increase of CO2-concentration. The 
logical conclusion drawn from Fig. 8B is that the Earth's tempera- 
ture fluctuates continuously and CO, is not proven to be a major 
driving factor. 

At this point a natural question to ask is about the physical 
relation between the CO» levels and temperature. It is well known 
that CO, dissolves in seawater. When the Earth's temperature 
decreases the COz-concentration in the atmosphere decreases too 
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Fig. 8. A. Comparison of model predictions (GEOCARB Ill; [24]) and proxy 
reconstructions of CO2 in 10 million years time-steps. Shaded area represents the 
range of error for model predictions. Blue line presents temperature deviations 
relative to today calculated by Shaviv and Veizer [26] from “10/50” 6180 data, 
adjusted for pH effects due to changes in seawater Catt concentration and CO 
based on GEOCARB III. B. Intervals of glacial (dark blue) or cool climates (light blue). 
(Modified from [25]). (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 
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Fig. 9. Solubility coefficient variation of CO2 in seawater, in equilibrium with the 
pure gas at a pressure of 1 atm, with regard to temperature. 
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because the solubility of CO2 in the seawater increases. This 
physical phenomenon is very well-established as shown in 
Fig. 9. For example if seawater of salinity 35 is cooled from 20 °C 
to 10 °C it will absorb about 35.7% more CO2 (aq). The solubility 
coefficient is the concentration of the dissolved gas (CO, (aq)), in 
moles per litre of seawater of a salinity of 35 (Weiss, 1974 in [27]). 


2.3. Estimates for the increase in global temperature 


A lot of individual but prominent scientists examined the 
matter from different angles. Archibald [28] presents an interest- 
ing comparison of estimates of the effect that CO2 would have if its 
concentration in the atmosphere doubles to 600 ppmv, and con- 
cludes that the models of the IPCC apply an enormous amount of 
compounding water vapor feedback and, at their worst, the IPCC 
models take 1 K of heating and turn it into 6.4 K (see Fig. 10). Idso 
derived an estimate of climate sensitivity from nature observa- 
tions. Kininmonth estimates a 0.6 K and this is based on water 
vapor amplification but also includes the strong damping effect of 
surface evaporation. Lindzen's estimation is based on water vapor 
and negative cloud feedback. Spencer examined the data from the 
Aqua satellite and performed simple model analysis. Finally, the 
Stefan—Boltzmann figure of 1 K is based on the Stefan—Boltzmann 
equation without the application of feedbacks and as Archibald 
comments everybody agrees with this figure when no feedbacks 
are involved. 


2.4, Physical observation 


Physical observations and measured data are of paramount 
importance in estimating the global warming produced by the 
rising levels of greenhouse gases. Idso [29] presented a compar- 
ison for the CO, greenhouse effect on Mars, Earth and Venus by 
plotting the CO2 warming vs. the CO2 atmospheric partial pressure 
on a log-log scale (see Fig. 11). He concludes that considering the 
consistency of all empirical data, atmospheric CO2 fluctuations 
influence surface air temperature largely, independently of atmo- 
spheric moisture conditions, because water vapor quantities are 
practically non-existent on Mars, “medium” on Earth and large on 
Venus (in an absolute sense). Hence, the long-espoused claim of a 
many-fold amplification of direct CO2 effects by a positive water 
vapor feedback mechanism would appear to be rebuffed by the 
analysis. As a result, Idso's final conclusion is that the scientific 
consensus on the strength of the CO, greenhouse effect, as 
expressed in past reports of the U.S. National Research Council, 
is likely to be in error by nearly a full order of magnitude. Based on 
the comparative planetary climatology relationship of Fig. 11, a 
300-600 ppmv doubling of earth's atmospheric CO2 concentration 
should only warm the planet by about 0.4 K. 
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Fig. 10. Archibald's [28] comparison of estimates for doubling the atmospheric CO3 
from its pre-industrial level. 
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matic record and the first early Sun paradox (dashed line) (redrawn from [29]). 


2.5. COz concentration and life 


On earth we know of only one type of life form that is based on 
the molecule of carbon. Carbon forms normal chemical bonds with 
other elements but also forms special type of molecules the so- 
called organic molecules on which all life is based on. In the 
human body carbon is the second most abundant element by mass 
(about 18.5%) after oxygen. So is human life in real danger if 
atmospheric CO2 continues to increase the way it already 
increased during the 20th century? And then, what is the upper 
limit of CO concentration for absolute danger? In an indoor air 
test we can find CO, levels as high as 600 ppm, which is typical of 
indoor air and is considered an acceptable and safe level. Note that 
a 100% CO2 concentration in the atmosphere corresponds to 
1,000,000 ppm, and hence 1% concentration corresponds to 
10,000 ppm of CO2. At 10,000 ppm concentration of CO2 and 
under continuous exposure at that level, such as in an auditorium 
filled with people and poor fresh air ventilation, some individuals 
are likely to feel drowsy. Toxic levels of CO2 are reached at levels 
above 5% [30]. So, it must be clear that at present and near future 
levels CO2 does not seem to pose direct danger to human life. 

But what about CO,'s usefulness in life? The IPCC [31] mentions 
that increased CO2 concentrations can fertilize plants by stimulat- 
ing photosynthesis, which (as various models suggest) has con- 
tributed to increased vegetation cover and leaf area over the 20th 
century. Increases in the Normalized Difference Vegetation Index 
(a remote sensing product indicative of leaf area, biomass and 
potential photosynthesis) have been observed, although other 
causes, besides the increased COz, including climate change itself 
are also likely to have contributed. Increased vegetative cover and 
leaf area would decrease surface albedo, which would act to 
oppose the increase in albedo due to deforestation. The RF due 
to this process has not been evaluated and there is a very low 
scientific understanding of these effects. 

The full extent of the beneficial effect that CO has on plant life 
can be found in a website maintained by CO; Science [32], where 
an expanding archive of the results of peer-reviewed scientific 
studies that report the growth responses of plants to atmospheric 
CO, enrichment can be found. Results from thousands of scientific 
articles are tabulated according to two types of growth response: 
dry weight and photosynthesis. Table 1 indicates the mean 
percentage increase in yield for some important species, for a 
300 ppm increase in atmospheric CO2 concentration. 

Moreover, in [33] 55 ways are outlined in which the modern 
rise in atmospheric CO2 is benefiting the earth's biosphere, as 
reported in the peer-reviewed scientific literature. The general 
conclusion is that rising atmospheric CO2 concentrations lead to 
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more numerous and more robust plants, which yearly remove 
ever-greater quantities of COj-derived carbon from the atmo- 
sphere, storing it initially in their own tissues, eventually in the 
soil, and ultimately in the depths of the sea. 


3. Earth-orbit climate effects 


Astronomers have linked the earth climate to various changes 
related with the earth orbit around the sun and the amount of 
energy the earth receives. These orbital processes are thought to 
be the most significant drivers of ice ages according to the theory 
of Milankovitch, and such changes are [34] (a) the shape of the 


Table 1 
Plant dry weight (biomass) responses to atmospheric CO, enrichment for 300 ppm 
increase in atmospheric CO2 concentration [32]. 
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orbit (eccentricity) of the earth around the sun, (b) the angle of the 
earth's axis with respect to its orbital plane (axial obliquity), and 
(c) the change in the direction of the earth's axis of rotation 
(precession). 

The Milankovitch cycles were recently observed and confirmed 
by the European Project for Ice Coring in Antarctica (EPICA) [35]. 
EPICA is a multinational European project for deep ice core 
drilling. Its main objective is to obtain full documentation of the 
climatic and atmospheric record archived in Antarctic ice by 
drilling and analyzing ice cores and comparing these with their 
Greenland counterparts. Jouzel and collaborators [36] mention 
that the EPICA has provided two deep ice cores in East Antarctica, 
one at Dome C (EDC) and one in the Dronning Maud Land area 
(EDML). A high-resolution deuterium profile is available along the 
entire Dome C ice core, extending the climate record back to 
marine isotope stage 20.2, i.e. at about 800,000 years ago. Focusing 
on the EDC ice core Jouzel and collaborators mention that their 
analysis shows no indication that greenhouse gases have played a 
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Fig. 12. (A) Precession parameter displayed on an inversed vertical axis (black line). (B) EDC temperature (solid line, rainbow colors from blue — cold temperatures- to red — 
warm temperatures) and its obliquity component extracted using a Gaussian filter within the frequency range 0.043 + 0.015 ky! (dashed red line, also displayed in (D) as a 
solid red line on a different scaling). Red rectangles indicate periods during which obliquity is increasing and precession parameter is decreasing. (C) Combined top-of- 
atmosphere radiative forcing due to CO2 and CH; (solid blue) and its obliquity component (dashed blue, also displayed in (D) as a solid blue line on a different scaling). 
(D) Obliquity (solid black line), obliquity component of EDC temperature (red line), and obliquity component of the top-of-atmosphere radiative forcing due to CO2 and CH4 
(blue). Insolations were calculated using the Analyseries software [36]. (For interpretation of the references to color in this figure legend, the reader is referred to the web 


version of this article.) 
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Fig. 13. Resulting temperature deviations (5) with respect to time presenting the 
combined effect of the attraction of the earth by the moon and the sun (2) and 
the main harmonic components of the Milankovitch cycles (3)-(4), compared to the 
Vostok isotope temperature measurements (1) (redrawn from [14]). 


100,000-year band (~2.5 Wm”, comparable to the additional 
greenhouse forcing due to anthropogenic activities). This fact 
actually points to a strong carbon-cycle feedback involved in the 
magnitude and possibly duration of ice ages and to a global 
character of the Antarctic temperature record. The conclusion is 
that the interplay between obliquity and precession accounts for 
the variable intensity of interglacial periods in ice core records. 

As Sorokhtin and collaborators mention [14] the attraction of 
the earth by the moon and the sun plays a leading role in the 
reduction of the precession angle. Precession is caused by the 
deviation of the earth's mass distribution from the spherical 
symmetry and is mainly due to the non-uniformity of the earth's 
crust in its continental and oceanic regions and also in the possible 
heterogeneity in the mantle density. In their work to estimate the 
climatic temperature deviations due to the precession angle effect 
and other Milankovitch cycles, concerning large time-scales, they 
present a best fit of theoretical to experimental data and project 
the graph to predict the future climate. In Fig. 13 it is observed that 
in the past there were slow periods of climatic cooling of about 8- 
10°C which lasted approximately 100,000-120,000 years. After 
the formation of thick ice covers, a rapid warming — by the same 
8-10 °C — occurred degrading the glaciers completely in a few 
thousand years. The change of the earth climate can be explained 
by the sun radiation and the change in the rotation and orbit of the 
earth alone. As they suggest CO, and other cases have no real role 
in the climate change. Another important observation is that the 
temperature a few thousand years ago was higher than the 
present by roughly 1 K. Their forecast is that in the not so distant 
future we should expect a significant cooling. 


4. The solar activity 


A most interesting observation is the sunspot activity, which is 
related to the amount of radiation that is sent in the cosmic space 
and reaching the earth. Sunspots are dark, usually circular, features 
on the solar surface and can be as large as 50,000 km in diameter. 
They form where denser bundles of magnetic field lines from the 
solar interior break through the surface and are cooler and darker 
regions than their surroundings. Solar activity and sunspots 
change from a minimum to a maximum and back to a minimum 
in a sunspot cycle. The average period of the sunspot cycle is about 
11 years, during which the activity varies from a solar minimum at 
the beginning of a sunspot cycle to a solar maximum about 5 years 
later. The maximum number of sunspots varies to approximately 
250 of individual sunspots and clusters of sunspots. At the end of a 
sunspot cycle, the magnetic field quickly reverses its polarity. 


A change of polarity from one orientation to the other (north 
to south) and back again covers two successive sunspot cycles and 
is therefore about 22 years. The sunspot cycle activity has been 
recorded since 1749 [37]. 

As the climate on earth depends on the solar activity the 
observation and measurements of solar radiation and associated 
sunspot activity is of great importance. 


4.1. Solar cycle predictions 


In 2001 Badalyan and collaborators [38] predicted from the 
coronal emission line intensities (the so-called coronal green line 
(CGL) brightness) of the second half of 1999 a low cycle 24 with 
the maximal Wolf-number not exceeding 50 (similar to cycles 5-6) 
and the epoch of maximum at 2010-2011 (see Fig. 14). The Wolf- 
number is also known as the International sunspot number (ISSN) 
and their prediction is based on the observation that cyclic 
variations in the Wolf-numbers follow the green-line variations 
with a delay of about 10 years. Thus, as they mention, their results 
infer that we are on the eve of a deep minimum of solar activity 
similar to that at the beginning of the 19th century. 

Since 2006 Archibald [39] indicated the role of solar cycles in 
climate and popularized monitoring sunspot cycles as a climate 
prediction tool. By overlapping solar cycle 23 over solar cycle 4, 
which preceded the Dalton Minimum, showed the similarity 
between the cycles. Therefore he concluded that July 2009 would 
be the month of minimum for a thirteen year long solar cycle 23. 
He suggests that solar cycles 24 and 25 would have amplitudes of 
approximately 40 SSN and a repeat of the experience of the Dalton 
Minimum will occur (see also [28]). 

A forecast of a team led by Mausumi Dikpata of NCAR [40] has 
predicted that cycle 24, would peak in 2011 or 2012, and would be 
intense. The prediction was based on the observed behaviour of 
the conveyor belt. From May 2006 NASA solar physicist David 
Hathaway predicted also that solar cycle 25, peaking around the 
year 2022, could be one of the weakest in centuries (see Fig. 15). 
This prediction as also based on the observation that the sun's 
great conveyor belt has slowed to a record-low crawl. The great 
conveyor belt is a massive circulating current of hot plasma within 
the sun. It has two branches, north and south, each taking about 
40 years to perform one complete circuit. According to theory, the 
speed of the belt foretells the intensity of sunspot activity for 
approximately 20 years in the future. A slow belt indicates lower 
solar activity and a fast belt a stronger activity. 
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Fig. 14. The part of the cyclic Wolf-number curve (cycles 22-23, solid line) and CGL 
intensities I, (dashed line) shifted forward by 10 years. Open circles indicate the 
forecast of the Wolf- numbers for solar cycles 23-24 (see [38]). (For interpretation 
of the references to color in this figure legend, the reader is referred to the web 
version of this article.) 
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Fig. 15. In red, David Hathaway's predictions for solar cycles 24-25 and, in pink, 
Mausumi Dikpati's prediction for cycle 24 [407]. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version 


of this article.) 
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Fig. 16. 2007 Prediction of official solar cycle 24 prediction panel [41]. 


In October 2006 an Official Solar Cycle 24 Prediction Panel was 
assembled by NOAA, NASA, ISES and other US and International 
representatives. The panel met to begin deliberations towards 
achieving a consensus prediction for the maximum amplitude and 


timing of solar cycle 24. The panel consisted of voting members 
and issued a preliminary prediction in the spring of 2007 and also 
updates in later stages [41]. There were more than 30 wide 
ranging predictions, both published and submitted directly to 
the panel, which were considered. In March 2007 the delibera- 
tions of the panel supported two possible peak amplitudes for the 
smoothed ISSN, 140 +20 and 90+ 10. For the large cycle case 
(ISSN=140) the panel agreed that solar maximum would occur 
near October 2011 and for the small cycle (ISSN=90) the predic- 
tion was for August 2012 (see Fig. 16). 

The most recent NASA prediction of solar cycle 24, after three 
years into cycle 24, gives a smoothed sunspot number maximum 
of about 60 in the spring of 2013. The current predicted size makes 
this the smallest sunspot cycle in about 100 years [42]. 

Now after the passage of time we may check how well we 
understand the sun and its activity by observing its performance 
for the past years. The very good similarity of sunspot numbers 
of cycles 1-5 to the recent cycles 20-24 (see Fig. 17), show the 
presence of a 200-year cycle but no one can still be sure that 
this is not a coincidence. It is obvious that the sun is not well- 
understood and also that there are large and small sun cycles for 
which we have not yet a complete set of scientific data to 
compare. 


4.2. Effect of the planetary system on solar activity 


It is interesting, we believe, to study the effect that the 
planetary system may have on the solar activity. As the mass of 
the sun accounts for the 99.86% of the total mass of the solar 
system (indicatively Jupiter, the biggest planet, has a mass of less 
than 1/1000 times that of the sun), it is very natural to assume that 
the center of mass (CM) of the solar system would be located at 
the center of the sun [43]. In fact, the center of the sun moves 
about the CM of the solar system in a series of complex spirals 
with the distance between the two varying from 0.01 to 2.19 solar 
radii [44]. This motion is the result of the gravitational forces of 
the Jovian planets tugging on the sun. 

Jose [44] calculated the motion of the sun about the CM of the 
solar system and showed that the time rate-of-change of the sun's 
angular momentum about the instantaneous center of curvature 
varies in a quasi-sinusoidal manner similar to the variation seen in 
the solar sunspot number. In fact the temporal agreement between 
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Fig. 17. Green line showing cycles 1-6 lasting for about 70 years (1755-1825) compared to cycles 20-24 for the years 1965 till today [37], showing good similarity and 
suggesting that cycle 24 and 25 will cause cooling of global temperature. (For interpretation of the references to color in this figure legend, the reader is referred to the web 


version of this article.) 
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Fig. 18. Detailed solar angular momentum (AM) graphs showing perturbations at the green arrows. The AM perturbations are the result of the extra AM from the Uranus/ 
Neptune conjunction. The timing in relation to the Jupiter/Saturn opposition provides the different perturbation shapes that can be measured via the relevant planet angles 
and categorized into two groups. Perturbations occurring on the down slope “Type A” and those on the up slope “Type B” (down slope=right hand side of peak)-redrawn 


from [45]. 


variations in the rate-of-change of angular momentum and the 
solar sunspot number were so good that it strongly hinted that 
there was a connection between the induced forces acting on the 
sun exerted by the motions of the planets and sunspot activity 

Sharp [45] studied the gravitational effects of Jupiter, Saturn, 
Uranus and Neptune using detailed angular momentum (AM) 
graphs. In a general sense, the angular momentum (L) of a body 
with respect to some point of origin is the vector product of its 
linear momentum (P), which itself is the product of the mass (m) 
and velocity (v) of an object, and its distance from the origin (r): 
P=m x v and L=m x v x r. The AM perturbations (see Fig. 18) were 
measured and quantified allowing analysis of past solar cycle 
modulations along with the 11,500 year solar proxy records (14C 
and 10Be). It was found that the AM perturbation and modulation is 
a direct product of the outer gas giants (Uranus and Neptune). This 
information gives the opportunity to predict future grand minima 
along with normal solar cycle strength with some confidence. A 
proposed mechanical link between solar activity and planetary 
influence via a discrepancy found in solar/planet AM along with 
current AM perturbations, indicate solar cycles 24-25 will be 
heavily reduced in sunspot activity resembling a similar pattern to 
solar cycles 5-6 during the Dalton Minimum (1790-1830). 


4.3. Total solar irradiance 


It should be, also, of great importance to try and understand 
how the variation of the total amount of radiation reaching the top 
of the earth's atmosphere, called total solar irradiance (TSI), affects 
the climate of the earth. Fig. 19 shows the possible relation 
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Fig. 19. Comparison between temperature anomalies from 1600 to present [46,47] 
and the sun spectral irradiance (TSI) [48]. 


between the temperature anomalies from 1600 to present to the 
sun spectral irradiance. This specific time-span was chosen 
because only since then there are fairly accurate data. It must be 
undoubtedly expected that an increase in the sun irradiance will 
have as an effect the increase of the global temperature after a 
certain time-lack. Considering that a non-decreasing amount of 
irradiance will increase the global temperature further, the only 
possible time-span that will allow one to estimate the time-lack is 
when there is a decrease in the irradiance. Such a case can be 
observed in the years 1620, 1780 and 1850 (although the decrease 
is not significant). It can be seen that the temperature-decrease 
response to these decreases occurred at about years 1660, 1810 
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and 1865 (but also in 1850 and 1945, for the instrument-read data, 
after the year 1850). Therefore, the ‘safe’ conclusion is that it is 
very hard to estimate any time-lacks between TSI and tempera- 
ture. In any case a 400-year span is hardly sufficient to draw 
solid conclusions about how the sun affects the global climate. 
At present (solar cycle 24) TSI is in the verge of a significant 
decrease, and hopefully this will help in extracting useful informa- 
tion about the relation between temperature and TSI. 


4.4. Observing the sun 


To study the sun activities for which there is low scientific 
understanding the Russian-Ukrainian project “Astrometria” was 
set to measure the temporary variations of the shape and diameter 
of the sun and the total solar irradiance. The head of the 
Astrometria project Dr. H. Abdussamatov mentions that the 
absolute value of TSI began to drop after the 1990s. However, 
due to the oceans’ great thermal inertia earth reacts to the two- 
century-long changes in TSI with a time-lag of 17 +5 years and a 
minimum will be reached by approximately year 2041+ 11. 
Currently observed falling TSI cannot yet exert significant influ- 
ence. As he mentions it is expected that after cooling of the upper 
ocean in 5-8 years mankind will feel a very slow global cooling 
intensified after decades [49]. If so, temperature will be down up 
to so-called Maunders minimum and will stay at this level for 
about 45-65 years. After a period of intense cold the next cycle of 
global warming will begin only at the beginning of the 22nd 
century and temperature on the planet will start rising gradually. 
A preliminary scenario of falling average global temperature of the 
ocean surface in the 21st century and the beginning of the next 
two-century-long cycle of global climate warming at the begin- 
ning of the 22nd century are shown in Figs. 20 and 21. 

Consequently, the amount of solar energy supplied to the Earth 
is directly linked to the value of solar radius, i.e. to the radiating 
area of our star. Cyclic variations of the TSI occur due to the 
oscillations of solar radius with amplitude up to 130 km within a 
“short” 11-year cycle and up to 300 km within a “grand” 2- 
century cycle. 


4.5. Cosmic rays 


As with what mechanisms (besides the direct) the sun affects 
the climate of the earth some theories were put forward. During 
the 1990s Svensmark and Friis-Christensen presented a new 
astronomical cause for climate change, that of the cosmic ray 
hypothesis. Cosmic radiation comprises mainly protons 92%, and 
alpha particles 6%, with very high energy. When the ray particles 
reach the atmosphere, they cause ionization in its upper layers and 
many of the particles are absorbed or lose their energy colliding 
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Fig. 20. Scenario of the deep cooling of the climate (redrawn from [49]). 


with other particles in the atmosphere. The earth is shielded from 
the cosmic rays because the rays are deflected by the earth 
magnetic field. Also since the solar wind expands the magnetic 
field of the sun more of these rays are reflected away of the earth 
when the solar wind is stronger. According to the cosmic ray 
hypothesis, periods with low solar activity allow more cosmic 
radiation to reach the earth. The theory suggests that ions and 
radicals produced in the atmosphere by cosmic rays influence 
aerosol production and thereby cloud properties. More cosmic rays 
in the atmosphere will produce more low clouds, and finally a 
lower global mean temperature will result because of this. 

In examining the above-mentioned hypothesis the Danish 
National Space Center [50], identified five external forcing para- 
meters that are modulated by solar variability and have the 
potential to influence the earth's lower atmosphere below 
50km. These factors are: (a) the Total Solar Irradiance (TSI), 
(b) the Ultra-Violet (UV) component of solar radiation, (c) the 
direct input from the Solar Wind (SW), (d) the total Hemispheric 
Power Input (HPI) reflecting properties of precipitating particles 
within the magnetosphere, and (e) the Galactic Cosmic Rays (GCR). 
Their conclusion is that UV and GCR present a striking correlation 
with the global coverage of low clouds, over nearly two and a half 
solar cycles as shown in Fig. 22. 

Currently, the National Space Institute of Denmark (DNSI) [51] 
has been investigating the above hypothesis. The reported varia- 
tion of cloud cover was approximately 2% over the course of a 
sunspot cycle but this would result in a comparable global 
warming to that presently attributed to human activity. DNSI 
assumes that ions and radicals produced in the atmosphere by 
cosmic rays could influence aerosol production and since aerosols 
work as precursors for the formation of cloud droplets, this is an 
indication that cosmic rays influence cloud formation. DNSI in 
cooperation with the European Organization for Nuclear Research, 
CERN and other organizations, created an atmospheric research 
facility (CLOUD) that consist of a special cloud chamber exposed to 
pulses of high-energy particles from one of CERN's particle accel- 
erators, were experiments are performed to check and understand 
the role of cosmic rays in the formation of clouds [52]. 


5. Conclusions 


It is common knowledge that the sun powers the climate of the 
earth by radiating its energy. But in the recent decades the 
increase in atmospheric CO, concentration has been heavily linked 
to (and blamed for) the observed increase in global temperature, 
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Fig. 21. Total solar irradiance and sunspot activity with prediction for the present 
aeon (redrawn from [49]). 
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Fig. 22. Correlation between GCR (red) and UV (green) and coverage of low clouds 
(blue). ISCCP data for coverage of low altitude clouds after adjustment for their 
offset when compared with the independent data set of low cloud. From top: 
annual cycle removed, trend and internal modes removed, solar cycle removed 
(modified from [50]). (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 


despite the fact that COz's presence in the atmosphere is very 
limited into minor amounts. The influence of many other factors 
that could be of high importance in affecting the global tempera- 
ture has not so far been well studied and the related level of 
scientific understanding remains low. Such major factors are solar 
irradiance and water vapor, with about 30 more parameters being 
contained in global climate system models. The extraction of 
conclusions from such models derived without any sound theore- 
tical background becomes merely a form of data curve fitting by 
“manipulating” the parameters and have no rigorous scientific 
value. Predictions of climate models compared to the actual 
satellite observations for global temperature show substantial 
deviation, pointing to the limitations of the existing models. 
Additionally, observing the global temperature and the CO2 atmo- 
spheric concentration though the geological aeons implies no 
obvious correlation. 

Physical observations on other planets confirm that indepen- 
dently of atmospheric moisture conditions, the atmospheric CO2 
partial pressure influences in a specific log-log relation the surface 
air temperature. 

A lot of individual but prominent scientists examined the 
matter from different angles and arrived at the conclusion that 
at the most, doubling the atmospheric CO2 from its pre-industrial 
level, will cause an increase in atmospheric temperature by 1 K as 
opposed to IPCC's mean estimate of 3 K. 

All living organisms are based on carbon and carbon organic 
chemistry. Carbon at present concentrations, but even at over- 
estimated near-future concentrations — due to anthropogenic 
emissions - is still not in the range of a pollutant. On the contrary 
plants will benefit greatly because of this increase. 

Scientifically it was shown that the earth climate is affected by 
various cyclic changes related with the earth orbit around the sun 
and the amount of energy the earth receives. The Milankovitch 
cycles, named after the man who studied them, were recently 
observed and confirmed by the EPICA. These cycles suggest that in 
the not so distant future we should expect a significant cooling. 

Turning our interest on the sun, we find that the scientific 
understanding of its behavior is rudimental. For instance NASA, 
NOAA and other organizations operated in recent years by consen- 
suses and on most occasions went wrong on their predictions. 
Comparison of solar cycles 1-6 lasting for about 70 years (1755- 
1825) compared to cycles 20-24 for the years 1965 through today, 


show good similarity and suggest cyclicity and therefore indicate that 
cycles 24 and 25 will cause cooling of global temperature. Empirical 
data show that this cyclicity is caused by the relevant position of the 
planets. Our recorded data, of about 2 centuries, on solar activity are 
not yet sufficient to determine its relation to global temperature. 
To study therefore, the sun activities the project “Astrometria” was 
set to measure the temporary variations of the shape and diameter of 
the sun and the total solar irradiance. Solar activity may affect the 
climate on earth not only directly but indirectly as well. The cosmic 
ray hypothesis suggests that periods with low solar activity allow 
more cosmic radiation to reach the earth. Cosmic rays influence 
aerosol production and thereby cloud formation. More cosmic rays in 
the atmosphere will produce more low clouds, and finally a lower 
global mean temperature will result because of this. This theory is 
now under investigation by DNSI in cooperation with the European 
Organization for Nuclear Research, CERN and other organizations. 

Concluding, all the above show that in the case when there is 
no sound scientific understanding of physical phenomena, no 
sound and absolute conclusions should be drawn. We believe that 
specific care should be taken not only for the sake of science's good 
name but also for matters that may have political aspects and 
affect the human societies. 
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